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SAR 值，2013 年 Frydman 小组提出了一种全新的基于全局时空编码的多层磁共









































Study on Spatiotemporally Encoded Multi-slice Ultrafast 
Magnetic Resonance Imaging 
Ting Zhang 
ABSTRACT 
In recent years, single-shot magnetic resonance imaging (MRI) has been widely 
used in biomedicine, such as diffusion imaging, functional imaging, and real-time 
three-dimensional imaging, owing to its excellent temporal resolution. Among 
single-shot MRI approaches echo-planar imaging (EPI) stands out most. However, 
EPI still faces several limitations, particularly as a result of field inhomogeneity and 
of chemical shift effects that can become severe in high fields. A novel single-shot 
MRI method was proposed based on spatiotemporal encoding, which provides a way 
to effectively alleviate the effects of field inhomogeneity and chemical shift while 
retaining high temporal-resolution character. The usage of chirp pulse increases the 
specific absorption rate (SAR) in imaging. This is not a prominent problem for 
single-slice spatiotemporally encoded (SPEN) MRI. However, for multi-slice SPEN 
MRI realized by the repetition of single-slice SPEN MRI, the SAR problem is 
exacerbated, which greatly limits its value in clinical application. To relieve the SAR 
limitation, a novel multi-slice SPEN method was proposed by Frydman and coauthors 
in 2013. The drawback of this method is the signal loss induced by T1 relaxation 
effect. This signal attenuation would decrease the signal-to-noise (SNR) and put a 
limitation on its affordable slice number. The main work of this thesis is listed below. 
1. A SPEN MRI method with slice-selective dimension segmented was designed 
for multi-slice MRI to lower the SAR and slow down the signal loss caused by T1 
relaxation so that more slices can be scanned. 
2. To image several slices in one scan, simultaneous echo refocusing was used in 
spatiotemporal encoding. With several slices spatiotemporally encoded 
simultaneously, simultaneous echo refocusing SPEN MRI lowers the SAR and holds 













































1966 年，瑞士物理化学家 Ernst 研制出了脉冲傅利叶变换核磁共振谱仪
（FTNMR）。 
1971 年，美国纽约州立大学的 Damadian 首次提出将磁共振技术应用于医疗
诊断，并利用磁共振波谱仪对小鼠进行实验，发现癌变组织的 T1，T2 弛豫时间
比正常组织长，这一结果发表在 1971 的《科学》杂志上[1]。 
1973 年，美国纽约州立大学的 Lauterbur 等人在主磁场内附加一个不均匀的
磁场，即引进梯度磁场，并逐点诱发核磁共振无线电波，然后对这些一维投影值
进行组合，从而实现空间定位，并获取了两个充满水的试管的两维磁共振图像，
该小组于 1974 年获得了活体老鼠的磁共振图像[2]。 
1975 年，瑞士物理化学家 Ernst 等人改进了 Lauterbur 等人提出的定位方法，
首次提出了频率编码和相位编码的概念，并通过两维傅里叶变换进行信号重建，















该项发明，于 1991 年获得了诺贝尔化学奖[3]。 
1977 年，英国物理学家 Mansfield进一步验证和改进了 Lauterbur 的方法，并
发现梯度的快速变化可以更快的绘制成像物体的内部结构图，即只需一次激发，
连续施加正负切换的读出梯度以填充 k 空间，该技术称之为平面回波成像（Echo 
Planar Imaging，EPI）[4]。2003 年，Lauterbur 和 Mansfield 共享了当年的诺贝尔
生物医学奖。 
1978~1980 年，英国诺丁汉大学和阿伯丁大学的物理学家们，在研制核磁共
振图像系统方面取得较大进展。1978 年 5 月，他们取得了第一幅人体头部的核




































x 轴进动。质子既绕 B0场（z 轴）进动，又绕 B1 场（x 轴）进动，这将导致净磁
化矢量发生由 z 轴到 x-y 平面的螺旋运动。 
当射频脉冲作用结束时，净磁化矢量由于螺旋运动将产生横向磁化矢量分量，
而净磁化矢量与 z 轴的夹角我们称之为翻转角。之后，横向磁化矢量在原静磁场
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